Introduction
The type and location of the vertebral anomaly determines the severity and prognosis of the congenital deformity [1] [2] [3] [4] [5] . Hemivertebrae cause deformities in the vertebral column such as kyphosis, scoliosis or kyphoscoliosis. Winter et al. [5] presented the criteria for classification of hemivertebra in the analysis of 234 patients with congenital scoliosis.
The progression of the deformity depends on the type of hemivertebra. As the progression potential of incarcerated hemivertebra is low, it will form a slight deformity. On the other hand, a fully segmented hemivertebra will form a more severe deformity because of its high progression potential [5] . Nasca et al. [3] reported an average progression of 41 per year (1-331 per year) in the follow-up period of 60 patients with various deformities due to hemivertebra. Many subsequent studies showed that deformities associated with hemivertebra cause progressive deformities, depending on the type of the hemivertebra and the associated anomalies (e.g. contralateral unsegmented bar) [1, [3] [4] [5] .
Scoliosis, kyphosis and kyphoscoliosis due to hemivertebra usually require surgical treatment, as their progression potential is high. Combined anterior and posterior convex hemiepiphysiodesis, posterior or anterior-posterior fusion with or without instrumentation, and excision of hemivertebra and fusion techniques have been used extensively [6, 7] . In 1928, Royle [8] was the first to perform excision of hemivertebra. Many series of single or more stage anteriorposterior resection of vertebrae have been published in the following years [4, [9] [10] [11] . In several current studies, posterior resection of hemivertebra was performed and hook and rod systems are frequently used in closure of the defects [4, [10] [11] [12] [13] [14] . Ruf and Harms [15] used the pedicle screw rod system even in small children to ensure an effective closure and more correction of the defect. Patients should be evaluated for intraspinal anomalies as 20-40% of the congenital spinal deformities are associated with these anomalies [16] [17] [18] . In the literature, congenital deformities associated with intraspinal pathologies are treated traditionally by an initial surgical treatment of intramedullary pathology and surgical treatment of the deformity at a separate stage 1-2 weeks or 1-2 months later [19] .
In this retrospective study, patients, regardless of their ages, planned to undergo resection of hemivertebra associated with intramedullary pathology were operated first by neurosurgeons for the management of the intramedullary pathology. Following this, at the same stage we performed posterior resection of hemivertebra and pedicle screw to correct and stabilize the deformity. We evaluated the radiological and clinical outcome of these patients. In the preoperative period, they all had direct spine X-rays, magnetic resonance imaging and high-resolution multislice computed tomography of hemivertebra and three-dimensional reconstructions were prepared. Five (26%) patients had intramedullary pathology identified in preoperative magnetic resonance imaging; two with tethered cord, two with diastematomyelia and one with both. Two patients with congenital kyphosis associated with intramedullary pathology presented with neurological deficit as urinary incontinence and walking disability.
Patients and methods
We achieved fixation and correction by pedicle screws in all patients without considering their age. As the screws with a diameter of 4.5 mm are too large for children below 5 years of age, for posterior fixation we used polyaxial pedicle screw systems that are usually used in the cervical region. In six of the patients they were placed in the thoracic region, in eight patients in the thoracolumbar region and in five patients in the lumbar region of the hemivertebra. Fifteen patients showed anterior interbody gap after hemivertebrectomy. In these cases, we used titanium mesh cage in order to fill interbody space. In six patients with severe deformity, two caudal and two cranial segments were included in the fusion. In the remaining 13 patients, one caudal and one cranial segment was included. Five patients with intramedullary pathology were treated with excision of diastematomyelia spur and tethered filum terminale at the same stage in which intramedullary pathologies were managed. For the group without associated intramedullary pathology, average operation time was 5 h 12 min; average bleeding was 375 ml (range: 125-700 ml). On the other hand, occurrence of the associated intraspinal pathologies like tethered cord increased the time by 45 min and the bleeding by 75 ml, whereas diastematomyelia increased the time by 1.5 h and the bleeding by 150 ml. All of the patients were free of infection postoperatively. Children below 10 years of age were immobilized with body cast and the children over 10 years of age were given thoracolumbosacral orthosis.
Patients were examined clinically and radiologically in the postoperative sixth week, third and sixth month, and then yearly. In growing children, plasters were replaced in the third month. In the sixth month of follow-up assessments, bracing and plasters were terminated.
Results
Follow-up was for an average of 4.6 years (range: 2-7 years). The preoperative, immediate postoperative and latest follow-up scoliosis and kyphosis degrees are summarized in Table 1 . The correction ratio for scoliosis was 75%, for kyphosis 84% and for kyphoscoliosis 67%. We achieved spino-pelvic balance in all of the patients (Figs 1 and 2) . None of the patients exhibited neurological problems associated with surgery. Two patients with preoperative neurological deficits completely recovered until the sixth month of follow-up assessments. Fusion was achieved in an average of 9 months (range: 5-15 months). Pseudoarthrosis, loss of correction, titanium mesh cage collapses or implant failures were not detected.
Discussion
In spite of the developments in spinal surgery technologies, the treatment methods for congenital spinal deformities due to hemivertebra, its surgical techniques and results are still controversial. The majority of these require surgical treatment and surgery should be performed at the earliest possible age before the deformity extends and structural differentiation takes place in the adjacent segments.
Among the surgical procedures are posterior or anteriorposterior instrumentation and fusion, combined anteriorposterior convex hemiepiphysiodesis, and excision of hemivertebra and fusion. In-situ fusion or hemiepiphysiodesis at smaller ages results in limited correction rates and slows down or stops the growth. For this reason, we cannot predict the last form of the deformity [6] . Hence, resection of the hemivertebra, acute correction of the deformity and spinal fusion are believed to be more realistic and useful methods.
Spinal instrumentation reinforces excision of the hemivertebra, thus reduces the plaster and bracing time, ensures fusion in a shorter time and at a higher rate, and minimizes the correction losses and deformity recurrences. Not long ago, hooks and sublaminar wires had been used for instrumentation [4, [10] [11] [12] [13] [14] . The reason for this limited instrumentation is that the technology was not so improved then and the risk of pedicle screw use in those less than 5 years of age that may prevent expansion of the spinal canal and may cause iatrogenic spinal stenosis. As the structure of the lamina is elastic and not strong, pedicle screws may well be used for stabilization and correction in children.
In 1994, Zidorn et al. [14] reported achievement of short segment posterior fusion via posterior resection and internal fixation of the dorsal hemivertebra that caused progressive lumbar kyphosis in two children. In 2001, Shono et al. [13] showed successful results in correction of the deformities with single-stage posterior resection of hemivertebra and segmental posterior instrumentation in a series of 12 congenital kyphoscoliosis patients between 8 and 24 years of age. In 2002, Nakamura et al. [12] presented the first study on successful posterior resection of hemivertebra with a long follow-up period. Five patients, 3-14 years old, with thoraco-lumbar congenital spinal deformities underwent single-stage posterior excision of vertebrae. In an average of 12.8 years of follow-up, patients exhibited only 3.71 loss in correction rates in the annual assessments.
In 2002, Ruf and Harms [15] were the first to use transpedicular screws in hemivertebra resection. They reported this as a stable, successful and encouraging method that achieved excellent correction rates, eliminated the anterior approach, had low neurological risks and ensured short segment fusion. The same year, in the retrospective studies in which 91 thoracic and lumbar pedicle screws were used in 19 patients, the researchers stated that pedicle screws could safely be used even in children, 1-2 years of age, without interfering in the growth of the vertebrae [20] . In 2003, the same researcher group established that the short segment fusion achieved via pedicle screws in posterior resection of hemivertebra allowed normal growth in intact parts of the vertebrae [21] [22] [23] .
In mid-term follow-up, we did not confront any correction loss, pseudoarthrosis, and titanium mesh cage collapse or implant insufficiency. Unlike the other studies in the literature, our study indicated that management of the intramedullary pathologies during posterior surgery may increase the operation time and bleeding, depending on type and site of the pathology, but does not cause an increase in morbidity. Further, consistent with the literature, we found out that posterior resection (avoiding the morbidity of the anterior approach) and fixation of the hemivertebra with pedicle screws in congenital spinal deformities is an effective and safe method that achieves an excellent correction rate, does not cause correction loss and does not interfere in growth in children. In conclusion, resection of hemivertebra via the posterior approach shortens the spinal column. Thus, it helps to achieve effective deformity corrections and reduces neurological risk. In 25-40% of the congenital spinal deformities, posterior surgery makes the simultaneous treatment of the existing intramedullary pathologies possible without increasing the morbidity. In kyphosis or kyphoscoliosis, as epidural veins expand owing to the anterior compression on the dural sac, bleeding is high until a complete decompression. With a complete decompression, however, bleeding turns to be normal. Therefore, the anesthesia team should be warned at this stage of the operation. The most challenging site in decompression is the part of the hemivertebra reaching to the opposite pedicle. In kyphoscoliosis, because the dural sac lies on the concave side hemivertebra may be resected via unilateral access. In cases with kyphosis alone, the dural sac is located centrally so bilateral access may be necessary.
Hemivertebrectomy and instrumentation via the posterior approach is a good one-stage surgical treatment option that can be used to avoid the surgical trauma and morbidity related to anterior surgery. It is a technically demanding surgical procedure, however, requiring extreme care and experience in spine surgery.
